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(57) ABSTRACT

An oscillation gyro (1) including a stainless steel base
member (4) which is a quadratic prism, wherein the base
member (4) has through holes (10, 7) extending in the
directions crossing at right angles at the upper and lower
portions thereof respectively, and further includes shde
plates (8, 9) constituting a parallel plate portion (2) and slide
plates (10, 11) constituting a parallel plate portion (3).
Preferably, a titanium film (13) is formed by sputtering on
cach of the outer side surfaces of the parallel plate portions
(2, 3), and a thin PZT film (14) is formed on the entire outer
surface of the titanium film (13). Pairs of electrode films (185,
16) of aluminum are formed on the respective thin PZT films
(14) up and down. The respective electrode films (15, 16)
have a thickness of several um and the same area. Pads (155,
16b) are formed at the lower ends of the base member (4)
serving as lixed ends, and are connected to extension por-
tions (15a, 16a) extending from the electrode film (15). Lead
wires (19) connected to the pads (15a, 16a) suppress a
change in the rigidity of the parallel plate portions (2, 3)
caused by the connection of lead wires.

9 Claims, 5 Drawing Sheets
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OSCILLATION GYRO EQUIPPED WITH
THIN PZT FIIL.M

BACKGROUND OF THE INVENTION

The present invention relates to oscillation gyroscopes
having PZT (lead (Pb) Zirconate Titanate) thin films.

A conventional tuning-fork type oscillation gyroscope 1s
shown 1n FIG. 8, while a vibrating reed type gyroscope 1s
shown 1n FIG. 9. As shown in FIG. 8, the tuning-fork type
oscillation gyroscope 21 includes a pair of driving piezo-
electric ceramic plates 23, which are arranged on the ends of
a connection plate 22. The piezoelectric ceramic plates 23
are parallel to each other and their planes are normal to the
X-axis. A detecting piezoelectric ceramic plate 24 1s formed
integrally with each piezoelectric ceramic plate 23 extending
upward from the top center of the ceramic plate 23. The
ceramic plates 24 lie 1n a plane normal to the Y-axis. The
X-axis and the Y-axis are perpendicular to each other.

When an alternating voltage 1s applied to the piezoelectric
ceramic plates 23, the piezoelectric ceramic plates 23 oscil-
late 1n the direction of X-axis. If torque 1s applied to the
oscillation gyroscope 21 about the Z-axis, the piezoelectric
plates 24 distort and produce a voltage corresponding to the
distortion. The voltage 1s detected to obtain the force applied
to the piezoelectric plates 24. The force 1s referred to as
Coriolis force Fc and 1s generally represented by the fol-
lowing formula (1):

Fe=2mVxQ (1)

In the formula, m indicates the mass of the oscillation
oyroscope 21, V indicates the vibrational speed, and £2
indicates the angular velocity of the oscillation gyroscope 21
about the Z-axis. The angular velocity £2 1s obtained when
the mass m, the vibrational speed V, and the force Fc have
been obtained.

As shown m FIG. 9, a vibrating reed type oscillation
ogyroscope 21 includes a rectangular column-like vibrating
reed type vibrator 26, which 1s made of a constant elasticity
metal. A pair of driving piezoelectric ceramic plates 27 (only
one¢ shown in the drawing) are adhered to opposing side
surfaces, which are separated by 180 degrees, of the vibrator
26. A pair of detecting piezoelectric ceramic plates 28 are
adhered to the remaining two side surfaces (only one shown
in the drawing). The application of an alternating voltage to
the piezoelectric ceramic plates 27 vibrates the vibrating
reed type vibrator 26 1n the X-axis direction. When torque 1s
applied to the oscillation gyroscope 21 about the Z-axis, the
detecting piezoelectric ceramic plates 28 distort and gener-
ate a voltage corresponding to the distortion. The voltage 1s
detected to obtain the Coriolis force applied to the piezo-
clectric ceramic plates 28.

The piezoelectric plates 23, 24, 27, 28 are formed from
bulk PZT (lead zirconate/titanate, or ceramics containing a
solid solution of lead titanate and lead zirconate). However,
it 1s difficult to form bulk PZT into thin components and thus
difficult to reduce the entire size of the oscillation gyroscope.

Additionally, when adhering the piezoelectric ceramic
plates 27, 28 to form the oscillation gyroscope like the
vibrating reed type oscillation gyroscope 25, the adhering of
the piezoelectric ceramic plates 27, 29 adds to the number of
manufacturing steps. Furthermore, the adhering accuracy, or
the precision of the adhering position 1s low. This affects the
sensifivity of the oscillation gyroscopes 21, 25. Thus, it 1s
difficult to manufacture oscillation gyroscopes having uni-
form accuracy. If the vibrator has a three-dimensional
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structure, 1t 1s difficult to attach the bulk PZT to an arbitrary
location. This restricts the locations where the bulk PZT can
be attached.

As apparent from formula (1), an increase in the mass m
of the oscillation gyroscope increases the Coriolis force Fc.
This 1ncreases the distortion amount of the detecting piezo-
electric ceramics and increases the detecting voltage of the
oscillation gyroscope. In other words, the detecting sensi-
tivity of the oscillation gyroscope increases. It 1s thus
preferred that the oscillation gyroscope have a greater mass
to obtain a higher sensitivity. However, 1f the oscillation
oyroscope employs bulk PZT, the mass cannot be increased
unless the size of the substrate, which forms the bulk PZT,
1s 1ncreased. Hence, there 1s a limit to an increase 1n the
sensitivity.

In addition, as apparent from formula (1), an increase in
the vibrational speed V increases the Coriolis force Fc. This
increases the distortion amount of the detecting piezoelectric
ceramics and increases the detecting voltage of the oscilla-
fion gyroscope, which 1n turn, increases the detecting sen-
sitivity of the oscillation gyroscope. However, for example,
in the case of a vibrating reed type oscillation gyroscope, 1t
the substrate of the bulk PZT 1s made thinner, the rigidity of
the substrate decreases. Hence, the piezoelectric device 1s
apt to twist and interfere with accurate oscillations.
Furthermore, accurate detection 1s hindered when the detect-
ing piezoelectric device 1s distorted and twisted.

Accordingly, an oscillation gyroscope 31, which 1s
compact, resists twisting, and 1ncreases sensifivity, has been
proposed as shown 1 FIG. 7. The oscillation gyroscope 31
has a rectangular column-like shape and 1s made of an elastic
metal. An opening 34 extends through the lower side (fixed
side) of the gyroscope 31, while a perpendicular opening 35
extends through the upper side (free side) of the gyroscope
31. The gyroscope 31 has a first parallel plate portion 32
corresponding to the opening 34 and a second parallel plate
portion 33 corresponding to the opening 35. Titanium films
are formed on the surfaces of the first and second parallel
plate portions 32, 33, while PZT thin films 36 are formed on
the titantum films. A plurality of electrodes 37, preferably
made of aluminum, are formed on each PZT thin film 36,
with a lead wire (not shown) connected directly to each
clectrode 37. The first parallel plate portion 32 serves as a
driving portion for producing vibrations, while the second
parallel plate portion 33 serves as a detecting portion.
Voltage 1s applied to the first parallel plate portion 32 to
produce vibrations and cause the PZT thin films 36 of the
second parallel plate portion 33 to generate a voltage, which
is output via the lead wires (not shown) that are connected
to the electrodes 37.

However, the connection of the lead wires changes the
rigidity of the second parallel plate portion 33. This affects
the output voltage generated by the PZT thin films 36. This
leads to a shortcoming 1n which the detecting characteristics
cannot be stabilized. The connection of the lead wires also
affects the vibrating characteristics of the first parallel plate
portion 32. This leads to a shortcoming 1n which the driving
characteristic cannot be stabilized.

SUMMARY OF THE INVENTION

Accordingly, it 1s an objective of the present invention to
provide an oscillation gyroscope having a PZT thin film with
uniform characteristics.

To achieve the above objective, an oscillation gyroscope
according to the present invention comprises a substrate
made of an elastic metal and having a substantially rectan-
oular shape, the substrate having first to fourth side surfaces




US 6,373,368 Bl

3

arranged 1n the circumiferential direction, wherein the first
side surface and the third side surface, and the second side
surface and the fourth side surface are located on opposite
sides, the substrate having a fixed end for fixing the oscil-
lation gyroscope, and a free end located on the opposite side
of the fixed end, the substrate having a first opening extend-
ing from the first side surface to the third side surface at the
fixed end side, a first parallel plate portion located on both
sides of the first opening and having a pair of side plates
including the second and fourth side surfaces, the substrate
having a second opening extending from the second side
surface to the fourth side surface at the free end side, a
second parallel plate portion located on both sides of the
second opening and having a pair of side plates including the
first and third side surfaces, a titanium base surface formed
respectively on the second and fourth side surfaces of the
first parallel plate portion and the first and third side surfaces
of the second parallel plate portion, a PZT thin film formed
on each base surface, an electrode formed on each PZT thin

f1lm, and connecting pads electrically connected to either
one of the electrodes of the PZT thin films.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(a) 1s a perspective view showing an oscillation
ogyroscope according to an embodiment of the present inven-
tion;

FIG. 1(b) 1s a side view showing the oscillation gyroscope
of FIG. 1(a);

FIG. 2 1s a perspective view showing a substrate of the
oscillation gyroscope of FIG. 1(a);

FIG. 3 1s a perspective view showing the substrate of FIG.
2 with openings;

FIG. 4 1s a perspective view showing the substrate of FIG.
3 on which titantum films are patterned;

FIG. 5 1s a perspective view showing the substrate of FIG.
4 on which PZT thin films are formed,;

FIG. 6(a) 1s a perspective view showing the oscillation
gyroscope according to an embodiment of the present 1nven-
tion on which electrode films are formed;

FIG. 6(b) 1s a side view of the oscillation gyroscope of
FIG. 6(a);

FIG. 7 1s a perspective view showing a prior art oscillation
IYTOSCOPE;

FIG. 8 1s a perspective view showing a prior art tuning-
fork type oscillation gyroscope; and

FIG. 9 1s a perspective view showing a prior art vibrating,
reed type gyroscope.

DETAILED DESCRIPTION OF THE
INVENTION

An oscillation gyroscope according to an embodiment of
the present invention will now be described with reference
to FIGS. 1 to 6. In the drawings, the thickness of titanium
films, electrode films, and side plates are exaggerated for
illustrative purposes.

As shown 1n FIG. 1, an oscillation gyroscope 1 has a
rectangular column-like shape and includes a lower parallel
plate portion 2 and an upper parallel plate portion 3. The
oscillation gyroscope 1 includes a rectangular column-like
substrate 4, which 1s preferably made of an elastic steel
material such as stainless steel. Although 1t 1s preferred that
the substrate 4 have a square cross-section, the substrate 4
may be formed with a cross-section having other shapes.
The substrate 4 has a first side surface § normal to the
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X-axis. Asecond side surface 6 1s located adjacent to the first
side surface 5, and a third side surface and a fourth side
surface are subsequently designated 1n the clockwise direc-
tion (circumferential direction). The first side surface 5 and
the third side surface are on opposite sides and are located
180 degrees apart from each other about the Z-axis, while
the second side surface 6 and the fourth side surface are on
opposite sides located 180 degrees apart from each other
about the Z-axis (the drawings show only the first side
surface 5§ and the second side surface 6). Paired side surfaces
(the first and third side surfaces and the second and fourth
side surfaces) have the same structure. Hence, only the first

side surface 5 and the second side surface 6 will be
described.

An opening 7 extends along the X-axis direction from the
first side surface 5 to the third side surface at the lower part
of the substrate 4. The cross-sectional shape of the opening
7 1s substantially rectangular. The opening 7 forms a pair of
side plates 8, 9, which outer surfaces define the second side
surface 6 and the fourth side surface, at the lower part of the
substrate 4. Each side plate 8, 9 includes a thin section 8a,
9a, respectively, preferably having a thickness of several
tens to several hundreds of micrometers. The side plates 8,
9 extending parallel to each other at the lower part of the
substrate 4 define the lower parallel plate portion 2, which
has a parallel plate structure.

An opening 10 extends along the Y-axis direction from the
second side surface 6 to the fourth side surface at the upper
part of the substrate 4. The cross-sectional shape of the
opening 10 1s substantially rectangular. The opening 10
forms a pair of side plates 11, 12, which outer surfaces define
the first side surface § and the third side surface, at the upper
part of the substrate 4. The side plates 11, 12 have the same
thickness as the side plates 8, 9. The side plates 11, 12
extending parallel to each other at the upper part of the
substrate 4 define the upper parallel plate portion 3, which
has a parallel plate structure. The parallel plate portions 2, 3
are arranged so that the openings 7, 10 extend perpendicular
to each other.

Titanium films 13, or base surfaces (FIG. 4), are formed
on, preferably by sputtering, the second side surface 6 and
the fourth side surface of the parallel plate portion 2 and the
first side surface 5 and the third side surface of the parallel
plate portions 2, 3. PZT thin films 14 (FIG. 5) having a
thickness of several tens of micrometers are formed entirely
on the titantum films 13.

A pair of aluminum electrode films 15 are arranged
vertically on the PZT thin films 14 of the second side surface
6 and the fourth side surface of the parallel plate portion 2
(FIGS. 1(a) and 6(a) show only those of the second side
surface 6). Each electrode film 15 has a thickness of several
micrometers and has substantially the same areca. As shown
in FIG. 6(a), a pair of bridges 15a extend along the edges of
the second side surface 6 and the fourth side surface down-
ward from and integrally with each electrode film 15. A pair
of aluminum pads Isb are formed integrally with the bridges
15a on the second side surface 6 and the four th side surface
at the lower end portion (or fixed end portion) of the
oscillation gyroscope 1 (FIGS. 1(a) and 6(a) show only
those of the second side surface 6). The pads 155 are aligned
laterally, have a thickness of several micrometers, and have
substantially the same area.

A pair of aluminum electrode films 16 are arranged

vertically on the PZT thin films 14 of the first side surface
S and the third side surface of the parallel plate portion 3

(FIGS. 1 and 6 show only those of the first side surface 5).
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Each electrode film 16 has a thickness of several microme-
ters and has substantially the same arca. As shown 1n FIG.
6(b), a pair of bridges 16a extend along the edges of the first
side surface 5 and the third side surface downward from and
integrally with the electrode films 16. The bridges 16a are
arranged along the thin sections 8a, 9a of the side plates 8,
9, respectively, 1 the parallel plate portion 2.

A pair of aluminum pads 165 are formed integrally with
the bridges 16a on the first side surface 5 and the third side
surface at the lower end portion, or fixed end portion, of the

oscillation gyroscope 1 (FIGS. 1(b) and 6(b) show only
those of the first side surface 5). The pads 16b are aligned
laterally, have a thickness of several micrometers, and have
substantially the same area. Instead of aluminum, the elec-
trode films 15, 16, the bridges 154, 164, and the pads 155,
16b may be formed of a conductive metal, such as Au (gold).
A lead wire 19 1s soldered to each pad 15b, 16b. In the
present embodiment, the lower end portion of the oscillation
gyroscope 1 serves as the fixed end portion, while the upper
end portion serves as the free end portion.

The operation of the oscillation gyroscope 1 will now be
described. When using the oscillation gyroscope 1, alternat-
ing voltages having opposite electric potentials are applied
synchronously to the electrode films 15 of the side plates 8,
9 with the lower end portion of the substrate 1n a fixed state.
If the polarity direction of the PZT thin films 14 1s oriented
toward the substrate 4 from the electrode film 15, the PZT
thin film 14 1s compressed when a positive potential 1s
applied, and the PZT thin film 14 1s expanded when a
negative potential 1s applied. When the polarity 1s changed
by the alternating voltage, the PZT thin film 14 1s alternately
expanded and contracted 1n a repetitive manner. As a result,
the parallel plate portion 2 1s driven in the X-axis direction

or the negative X-axis direction. This oscillates the upper
parallel plate portion 3 1n the X-axis direction.

In the oscillating state, the application of torque to the
oscillation gyroscope 1 about the Z-axis compresses one of
the PZT thin films 14 1n the parallel plate portion 3, and
expands the other PZT thin film 14. The expansion and
contraction distorts the two PZT thin films 14 and generates
a voltage corresponding to the amount of distortion. The
generated voltage 1s detected by way of the lead wires 19 to
obtain the Coriolis force applied to the oscillation gyroscope
1. Furthermore, as shown in formula (1), the angular veloc-
ity £2 can be obtained using the detected force Fc if the mass
m of the oscillation gyroscope 1 and the vibrational speed V
have been obtained.

When using the oscillation gyroscope 1 as described
above, since the lead wires 19 are connected to the pads 15b,
which are arranged at the fixed end portion, the connection
of the lead wires 19 does not change the rigidity of the
parallel plate portion 2 and does not affect the oscillating
characteristics of the parallel plate portion 2. Furthermore,
since the lead wires 19 are also connected to the pads 165,
which are arranged at the fixed end portion, the connection
of the lead wires 19 does not change the rigidity of the
parallel plate portion 3 and does not affect the oscillating
characteristics of the parallel plate portion 3.

A method of manufacturing the oscillation gyroscope 1
will now be described with reference to FIG. 2 to FIG. 6(b).
As shown 1n FIG. 2, a substrate 4, which 1s preferably made
of stainless steel, 1s first prepared. The substrate 4 has a
rectangular column-like shape with a square cross-section.

As shown i FIG. 3, openings 7, 10, which extend
perpendicular to each other, are formed i1n the upper and
lower parts of the substrate 4, respectively. The openings 7,
10 may be formed by machining, etching, or other appro-
priate ways.
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The formation of the opening 7 defines a pair of side
plates 8, 9 having a thickness of several tens to several
hundreds of micrometers at the lower part of the substrate 4.
The side plates 8, 9 define a parallel plate portion 2 having
a parallel plate structure. The formation of the opening 10
defines a pair of side plates 11, 12 having a thickness of
several tens to several hundreds of micrometers at the upper
portion of the substrate 4. The side plates 11, 12 define a

parallel plate portion 3 having a parallel plate structure.

Subsequently, the substrate 4 1s cleaned with an agent,
such as acid. A mask (not shown), which is made from a
synthetic resin or a metal other than fitanium using a
physical film formation process, such as sputtering or
vacuum deposition, 1s applied to the substrate 4 excluding
portions on which the PZT thin films 14 are to be formed.

As shown 1n FIG. 4, titanium films 13 are formed on the
second side surface 6 and the fourth side surface of the
parallel plate portion 2 and the first side surface 5 and the
third side surface of the parallel plate portions 2, 3 using a
physical film formation process, such as sputtering or
vacuum deposition.

As shown 1n FIG. 5, PZT thin films 14 are formed on the
titanium films 13 using a hydrothermal process. The hydro-
thermal process includes two stages.
| First Stage]

The substrate 4, raw material, which 1s an aqueous
solution containing zirconium oxychloride (ZrOCIl,.8H,0)
and lead nitrate (Pb(NO,),), and a KOH(8N) solution are
placed in a Teflon container (not shown) and agitated. The
piczoelectric characteristic of the PZT thin films 14 1s
determined by the composition ratio of lead titanate and lead
zirconate 1n the PZT thin films 14. Thus, the mol ratio
between the zirconium oxychloride and the lead nitrate 1s
determined 1n accordance with the piezoelectric character-
istic of the PZT thin films 14, which are formed later.

Afterward, with the substrate 4 arranged at the upper
portion of a pressure vessel (not shown), an aqueous solution
containing zirconium oxychloride (ZrOCl,.8H,0O) and lead
nitrate (Pb(NO;),), and a KOH(8N) solution are mixed in
the pressure vessel. The mixture 1s heated and pressurized
while being agitated at a speed of 300rpm. Pressurizing
refers to pressurizing using the vapor pressure of the heated
solution. The treatment 1s continued for 48 hours at a
temperature of 150° C. Consequently, PZT seed crystals
(crystal nucleus) are formed on the surfaces of the titanium
films 13 1n a supersaturated state. After the formation of the
seed crystals, the substrate 4 1s removed from the pressure
vessel, washed with water, and dried.
| Second Stage]

Subsequently, the substrate 4, on which the seed crystals
arec formed, raw material, which 1s an aqueous solution
containing zirconium oxychloride (ZrOCl,.8H,0O) and lead
nitrate (Pb(NO;),), a solution containing titanium tetrachlo-
ride (T1Cl,) and (KOH(4N) are placed in a Teflon container
(not shown) and agitated. The mol ratio between zirconium
oxychloride, titanium tetrachloride, and lead nitrate 1s deter-
mined 1n accordance with the piezoelectric characteristic of
the PZT thin films 14.

Then, with the substrate 4 arranged at the upper portion of
a pressure vessel (not shown), an aqueous solution contain-
ing zirconium oxychloride (ZrOCl,.8H,O) and lead nitrate
(Pb(NO,),), and a solution containing titanium tetrachloride
(TiCl,) and KOH(4N) are mixed in the pressure vessel, and
heated and pressurized while being agitated at a speed of 300
rpm. Pressurizing refers to pressurizing by the vapor pres-
sure of the heated mixture. The treatment continues for 48
hours at a temperature of 120° C. Consequently, PZT thin
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films 14 having a predetermined thickness (in the present
embodiment, several tens of micrometers) are formed on the
outer surfaces of the two parallel plate portions 2, 3 of the
substrate 4 in a supersaturated state (refer to FIG. 5). After
the formation of the PZT thin films 14, the substrate 4 1s
removed from the pressure vessel, washed with water, and
dried. Afterward, the mask 1s removed.

As shown 1n FIGS. 6(a@) and (b), a physical film formation
process, such as sputtering or vacuum deposition, that
preferably uses aluminum is carried out to form aluminum
films on the PZT thin films 14. The aluminum film 1s then
patterned to remove unnecessary sections 1n order to form
the pairs of electrode films 15, 16, bridges 154, 16a, and
pads 15b, 16b.The production of the oscillation gyroscope 1s
completed after execution of these stages. Lead wires 19 are
then soldered to the pads 15b, 16b.

The oscillation gyroscope 1 of the present embodiment
has the advantages described below.

The lead wires 19 are connected to the pads 15b, 160,
which are arranged on the fixed end portion of the oscillation
ogyroscope 1. Hence, the connection of the lead wires 19 does
not change the rigidity of the parallel plate portion 2 and the
oscillating and detecting characteristics of the oscillation
ogyroscope 1 are unatfected.

Since the PZT thin films 14 are thin and have a thickness
of several tens of micrometers, the oscillation gyroscope 1
1s compact.

In the present embodiment, the substrate 4 has parallel
plate structures at both 1ts upper and lower portions. This
improves twist resistance. Accordingly, the oscillatory driv-
ing parallel plate portion 2 oscillates accurately and the
detecting parallel plate portion 3 deforms accurately. This
improves the anti-noise property and allows for accurate
detection.

In the present embodiment, the titantum films 13 and the
PZT thin films 14 are formed using a hydrothermal process.
Therefore, oscillation gyroscopes 1, which include oscilla-
tory driving parallel portions 2 and detecting parallel plate
portions 3 that are formed in the same stage (of the hydro-
thermal process), are manufactured having constant, or
uniform, quality with regard to sensitivity, or the like.
Furthermore, the hydrothermal process forms the driving
PZT thin films 14 and the detecting PZT thin films 14
simultaneously. This reduces the number of manufacturing
steps 1n comparison with forming the driving and detecting
PZT thin films separately.

In the present embodiment, the connecting portion that
connects the upper part of the side plate 11 and the side plate
12 1n the detecting parallel plate portion 3 and the connect-
ing portion that connects the part between the parallel plate
portion 2 and the parallel plate portion 3 are included 1n the
mass m of the Coriolis force Fc of the formula (1).
Accordingly, the mass m of the oscillation gyroscope 1s
adjusted as required by changing the mass of the connecting
portions. This improves the detecting sensitivity of the
oscillation gyroscope 1.

The embodiment according to the present invention may
be modified as described below.

The thickness of the electrode films 15, 16, the bridges
15a, 164, the pads 15b, 16b, the PZT thin films 14, and the

substrate 4 1s not limited to the values described above and
may be changed as desired.

In the above embodiment, a physical film formation
process, such as sputtering or vacuum deposition, 1s used to
form the electrode films 15, 16, the bridges 15a, 164, and the
pads 15b, 16b.However, a screen printing method, which
employs a conductive paste, may be used instead.
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The present invention 1s embodied 1n a vibrating reed type
oyroscope 1. However, the present invention may also be
embodied 1n a tuning-fork type oscillation gyroscope in
which an oscillation gyroscope 1 1s fixed to each end of a
connecting plate. In this case, the tuning type oscillation
oyroscope 1s formed by merely arranging a pair of the
oscillation gyroscopes 1 on the ends of the connecting plate.

Pairs of the electrode films 15, 16 are formed in the
present embodiment. However, the PZT thin film 14 may be
provided with only one electrode film.

In the present embodiment, the lead wires 19 of the two
parallel plate portions 2, 3 are connected to the pads 155,
165, which are located at the lower end portion, which 1s the
fixed end portion. However, the lead wires 19 for the parallel
plate portion 2 may be connected to the pads 15b and the
lead wires 19 for the other parallel plate portion 3 may be
connected directly to the electrode films 16. In this case,
undesirable effects that may be caused by the connection of
the lead wires 19 are prevented.

On the other hand, the lead wires 19 for the parallel plate
portion 3 may be connected to the pads 165 and the lead
wires 19 for the parallel plate portion 2 may be connected
directly to the electrode films 15. In this case, undesirable
cifects that may be caused by the connection of lead wires
19 are prevented.

In the present embodiment, the lower end portion of the
oscillation gyroscope 1 1s used as the fixed end portion.
However, the upper end portion of the oscillation gyroscope
1 may be used as the fixed end portion and the lower end
portion may be used as the free end portion. In this case, the
upper end portion functions as the driving portion and the
lower end portion functions as the detecting portion.

In the present embodiment, the substrate 4 1s made from
stainless steel. However, the substrate 4 may be made from
other metals istead. If the substrate 4 1s made from
titanium, the titanium film 13 1s not formed. In this case, the
surface of the substrate 4 serves as the base surface.

What 1s claimed is:

1. An oscillation gyroscope comprising;:

a substrate (4) made of an elastic metal and having a
substantially rectangular shape;

the substrate (4) having first to fourth side surfaces
arranged 1n a circumierential direction, wherein the
first side surface (5) and the third side surface, and the
second side surface (6) and the fourth side surface are
located on opposite sides;

the substrate (4) having a fixed end for fixing the oscil-
lation gyroscope, and a free end located on an opposite

side of the fixed end;

the substrate (4) having a first opening (7) extending from
the first side surface (5) to the third side surface at the

fixed end;

a first parallel plate portion (2) located on both sides of the
first opening (7) and having a pair of side plates (8, 9)
including the second and fourth side surfaces;

the substrate (4) having a second opening (10) extending
from the second side surface (6) to the fourth side

surface at the free end;

a second parallel plate portion (3) located on both sides of
the second opening (10) and having a pair of side plates
(11, 12) including the first and third side surfaces;

a titanium base surface (13) formed respectively on the
second and fourth side surfaces of the first parallel plate
portion and the first and third side surfaces of the
second parallel plate portion (3);

a PZT thin film (14) formed on each base surface (13);
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an electrode (15, 16) formed on each PZT thin film (14);
and

a connecting pad (15b, 16b) electrically connected to any
one of the electrodes (15, 16) of the PZT thin films (14).

2. The oscillation gyroscope according to claim 1 char-
acterized by further comprising bridges (154, 16a) connect-
ing the electrodes (15, 16) to the associated pads (155, 16b).

3. The oscillation gyroscope according to claim 2 char-
acterized 1in that the bridges (16a) extend along the edges of
the first and third side surfaces to connect the electrodes
(16), which correspond to the second parallel plate portion
(3), to the pads (16b) of the fixed end portion.

4. The oscillation gyroscope according to claim 2 char-
acterized 1n that the bridges (15a) extend along the edges of
the second and fourth side surfaces to connect the electrodes
(15), which correspond to the first parallel plate portion (2),
to the pads (15b) of the fixed end portion.

5. The oscillation gyroscope according to claim 2 char-
acterized in that each side plate (8, 9, 11, 12) has a thin

section and the bridges (154, 16a) are formed on the thin
sections.

10

15
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6. The oscillation gyroscope according to claim 1 char-
acterized 1n that each opening (7, 10) has a substantially
rectangular cross-section.

7. The oscillation gyroscope according to claim 1 char-
acterized in that each electrode (15, 16) and the associated
pad (15b, 16b) arec arranged on the same side surface of the
substrate (4).

8. The oscillation gyroscope according to claim 1 char-

acterized by further comprising another electrode (15, 16)
formed on each PZT thin film (14) and another pad (15b,
16b) formed on the fixed end portion, wherein the two
electrodes (15, 16) on each PZT thin film (14) are paired and
have substantially the same area.

9. The oscillation gyroscope according to claim 1 char-
acterized in that the substrate (4) further includes connecting
portions for connecting the paired side plates (8, 9, 11, 12).

¥ ¥ # ¥ ¥
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